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ABSTRACT OF THESIS 
TESTING INTERPRETATIONS OF THE DISPLACEMENT MAGNITUDE OF THE 
TETON FAULT AND UPLIFT OF THE TETON RANGE, WYOMING WITH 
INTEGRATED FLEXURAL-KINEMATIC AND THERMAL MODELING 
The Teton fault is a range-front normal fault in northwestern Wyoming. Previous 
estimates of the maximum displacement (Dmax) on the Teton fault cover a wide range (2 - 
11 km). Discrepancies also exist regarding the slip onset timing, which spans 2 - 13 Ma. 
To address these discrepancies, the exhumation history of the Teton Range is here 
investigated using forward flexural-kinematic (Move) and thermal-kinematic (Pecube) 
models that can be compared with previously reported apatite fission track (AFT) and 
apatite (U-Th)/He (AHe) ages from Mount Moran, which has been previously 
hypothesized to represent the paleo-center of the Teton fault. 
In this study, kinematic models that include flexural isostasy and erosion were 
constructed to test possible structural solutions for Teton fault evolution. Free parameters 
include fault dip angle, elastic thickness (Te), depth of detachment (Zd) and magnitude 
(Dmax) and duration of slip. Flexural parameters and the fault subsurface geometry were 
constrained by comparing model results with the present-day wavelength of footwall uplift 
and structural configuration of the Jackson Hole basin. This led to the identification of a 
reference model that includes a surface fault dip of 70°, Te of 5 km, and Zd of 15 km. This 
reference model structural evolution is then used to create velocity fields for the thermal-
kinematic models, which produces a 2D thermal history that includes predicted AFT and 
AHe ages, to be compared with the observed ages. 
The flexural-kinematic models yield predictions of the footwall uplift contribution 
to total fault slip, which can then be compared to the range of Dmax estimates. Using these 
model results, previous estimates for Dmax (2 - 9 km) correspond to footwall uplifts of 0.7-
2.4 km. For comparison, the modern footwall relief at Mount Moran (~1.8 km) and Grand 
Teton (~2.2 km) would yield modeled Dmax estimates of 6 - 8 km, which is a minimum 
estimate, as these values do not account for an estimated ~2 km of overburden erosion. 
Thus, these model results indicate that the Dmax for the Teton fault is likely >9 km. To 
produce the footwall uplift necessary to exhume reset AFT ages observed at the base of the 
Moran transect (~4.2 km), flexural-kinematic models require Dmax estimates of 13 - 17 km. 
Results from the thermal-kinematic history that best match observed AHe and AFT data 
include Dmax estimates of 15 - 17 km. These preferred models also suggest that the onset 
Teton fault motion and footwall exhumation began ~12 Ma. 
KEYWORDS: Teton Range, Tectonics, Flexural-kinematic modeling, Thermal-kinematic 
modeling 
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CHAPTER 1. INTRODUCTION 
Scientific Motivation 
The Basin and Range province is characterized by large-scale extensional faulting 
across part of the western United States. One such active crustal-scale structure, the 
Teton fault, accommodates intraplate extension in the northeastern Basin and Range 
province in Wyoming (Figure 1.1a). Both the age of fault initiation and total 
displacement along the Teton fault has remained controversial and enigmatic (e.g., Byrd 
et al., 1994 and references therein). Because the total displacement of the Teton fault is 
critical for constraining slip history, total lateral extent, and the consequent seismic 
hazard in the Teton-Yellowstone region, it is of increasing importance that this 
controversy is resolved. Previous studies have proposed a range of Teton fault 
displacement estimates between 2.1 – 11.0 km (Table 1.1). Stratigraphic interpretations 
yield displacement estimates, which largely rely on the presence and location of the 
Precambrian-Paleozoic unconformity in Jackson Hole (6 – 9 km of throw; Behrendt et 
al., 1968, Love and Reed, 1971) or post-depositional rotation of the Huckleberry Ridge 
Tuff (~3 km of throw; Gilbert et al., 1983; Smith et al., 1993a). Other studies have 
proposed total footwall uplift estimates of 2.5 – 3.5 km, with a maximum throw of 8 km, 
using inverse ray tracing and gravity modeling to deduce throw magnitudes (Byrd et al., 
1994). However, geophysical techniques such as gravity modeling and seismic refraction 
have not yet been able to clearly image the deep subsurface geometry of the Teton fault. 
Alternately, low temperature thermochronology can be used to directly date the 
cooling of the range and thus provide estimates for the total magnitude of footwall 
2 
exhumation, which can be used as a potential indicator of total displacement. The 
development of new apatite fission track (AFT) calibration techniques (Fitzgerald et al., 
1995) and the introduction of apatite (U-Th)/He (AHe) thermochronology (Farley, 2000) 
have led to more comprehensive methods for constraining near-surface T-t paths in the 
upper ~5 km of crust. Low temperature thermochronometers such as AFT and AHe can 
record the time that rock particles passed through those closure temperatures (Tc ~110°C 
and 65°C, respectively) and therefore provide critical information about the evolving 
thermal structure of the crust in active tectonic settings (Stüwe et al., 1994; Rahn and 
Grasemann, 1999; Ehlers and Farley, 2003). AFT and AHe techniques have been used to 
reconstruct exhumation histories (Crowley et al., 2002) and to deduce timing, rate, total 
displacement, and footwall uplift in normal fault systems (Ehlers et al., 2003; Stockli et 
al., 2000; Armstrong et al., 2003), specifically in young extensional settings (Ehlers et al., 
2001; Densmore et al. 2005) and in the Basin and Range province (e.g. Fitzgerald et al., 
1991; Foster et al., 1993; Miller et al., 1999; Armstrong et al., 2003; Stockli, 2005). 
In the Teton Range, thermochronologic data was limited to a single pre-zeta 
calibration AFT dataset (e.g., Roberts and Burbank, 1993) until more recent studies 
introduced an increasingly comprehensive AHe and AFT dataset for the Teton Range 
(Brown, 2010; Brown et al., 2017; Hoar, 2018; Swallom, 2019). In the Brown et al. 
(2017) study, AHe cooling ages from a transect at Mount Moran were used to estimate 
the minimum amount of footwall uplift (~2.4 km) that has occurred by assuming a 
geothermal gradient of 25°C km-1. Provided that footwall uplift accounts for 30 – 40% of 
total exhumation as indicated by generic models of normal faults (Thompson and 
Parsons, 2009), this data suggests a minimum estimate for total throw of 6 – 8 km. This 
3 
estimate does not include AFT ages of 13.6 ± 4.0 Ma and 9.5 ± 2.8 Ma, also analyzed in 
this study, which record exhumation younger than the age of slip onset and suggest an 
increase in minimum footwall uplift of 3.1 – 3.6 km. Using the same assumptions as 
above increases the minimum total displacement estimate to 9 – 11 km. If correct, these 
studies indicate that total displacement on the Teton fault may be substantially greater 
than that proposed by previous geophysical and stratigraphic studies. 
Study Approach 
In an attempt to resolve the evolving debate of maximum displacement (Dmax) on 
the Teton fault, this study tests the full range of proposed displacement estimates using 
flexural-kinematic (Move; Petroleum Experts) and thermal-kinematic (Pecube; Braun, 
2003) modeling to derive fault evolution(s) that most closely reproduce: (a) the flexural 
wavelength of the footwall uplift and the resulting erosional history, (b) the flexural 
wavelength of the adjacent hanging wall basin, and (c) the cooling history derived from 
the most comprehensive and extensive footwall AFT and AHe transect near Mount 
Moran (Brown, 2010; Brown et al., 2017; Hoar, 2018; Swallom, 2019), which is 
interpreted to preserve the Dmax along the Teton fault (Roberts and Burbank, 1993; Brown 
et al., 2017). To do this, flexural-kinematic models are used to constrain the subsurface 
fault geometry and the effective elastic thickness of the crust based on comparisons 
between the modeled and observed isostatic response, which controls the width of the 
flexural uplift and that of the adjacent hanging wall basin. With the subsurface geometry 
constrained, fault displacement magnitude and fault slip timing can be further evaluated 
using comparisons between AFT and AHe cooling data and the results of thermal-
4 
kinematic models. The results of this study provide new insight for the controversial 
kinematic evolution of the Teton fault and the resulting footwall topographic history. 
Additionally, these models may help define the range of  critical parameters (e.g. fault 
geometry, effective elastic thickness, thermal-kinematic conditions, and the relative 
contribution of hanging wall drop and footwall uplift to total normal fault slip 
magnitude), that directly influence the magnitude of footwall exhumation and the 
resultant cooling histories in intracontinental extensional settings such as the Basin and 
Range.  
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Table 1.1 – Previous estimates of displacement on the Teton Fault. Table modified from 
Byrd et al. (1994). 
Study Throw (km) Criteria 
Blackwelder, 1915 >3 physiographic, stratigraphic 
Edmund, 1951 2.1 – 4.3 stratigraphic, structural 
Fryxell et al., 1941 2.4 stratigraphic, geomorphic 
Lavin and Bonini, 1957 5 – 6 gravity model 
Behrendt et al., 1968 7 gravity, seismic refraction 
Tibbetts et al., 1969 7 seismic refraction 
Love and Reed, 1971 7.6 – 9.1 stratigraphic 
Love, 1977; 1987 9 – 11 stratigraphic 
Gilbert et al., 1983 2.1 – 2.9 Huckleberry Ridge Tuff 
Roberts and Burbank, 1993 3.5 fission track data (AFT) 
Byrd et al., 1994 2.5 – 3.5 gravity, seismic refraction, geodetic data, fault models 
Brown et al., 2017 >6 apatite helium data (AHe) and AFT 
Thigpen et al., (in prep) 9 – 11 AFT/AHe 
6 
Figure 1.1 – (a) Regional DEM of the Teton-Yellowstone area in northwestern Wyoming 
showing the extent of the Basin and Range, eastern Snake River plain, Yellowstone 
plateau, Absaroka Range, Wind River Range, and the Idaho-Wyoming thrust belt. Map 
topography derived from 10 m digital terrain elevation data acquired from USGS 
EarthExplorer. 
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Figure 1.2 – (continued) (b) local DEM of the Teton Range which is formed by 
displacement on the Teton fault and prominent lakes in the hanging wall (c) profile A-A’ 
through Mount Moran is represented by a simplified schematic cross-section through the 
range. Modified from Brown et al., 2010.  
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CHAPTER 2. BACKGROUND 
Basin and Range normal faulting 
Research on Basin and Range normal faults surrounding the Snake River plain 
(e.g. Lost River fault, Lemhi fault, Beaverhead fault) has led to a better understanding of 
the overall geometry and behavior of normal faults and the relationship between fault 
length, total displacement, and footwall uplift in extensional terranes (McQuarrie and 
Rodgers, 1998; Byrd, 1994; Pierce and Morgan, 1992; Anders and Sleep, 1992; Anders et 
al., 1989). In extensional terranes such as the Basin and Range, thinning of the upper 
crust along crustal-scale normal faults produces an isostatic imbalance and results in 
flexural uplift of the normal fault footwall coeval with the hanging wall drop due to 
extension (Walcott, 1970; Turcotte, 1979; Beaumont, 1978; Watts et al., 1982). The total 
magnitude of footwall uplift and the corresponding crustal length scale over which this 
occurs are directly impacted by lithospheric flexural rigidity, total fault displacement, 
near surface and deeper fault dip, and the depth to detachment (Densmore et al., 2005; 
Reiners et al., 2000). Because of this, it is possible to assess the isostatic behavior of the 
upper crust by testing a range of flexural rigidities, fault geometries and total slip 
magnitudes. Flexural rigidity is often expressed in terms of effective elastic thickness 
(Te). In the Basin and Range, characteristic values of Te range from 5 – 15 km (Lowry 
and Smith, 1994; Watts and Burov, 2003, Tesauro et al., 2015). Although Basin and 
Range normal faults have rarely been imaged in the subsurface (e.g. Velasco et al., 2010; 
Chavez-Perez et al., 1998; Von Tish et al., 1985; Wernicke and Burchfiel, 1982) they are 
often interpreted to be steeply dipping (45 –70°) near the surface and flatten into shallow 
listric detachments (10 – 20°) at depths of 15 km – 20 km, near the brittle-ductile 
9 
transition zone (Smith and Bruhn, 1984; Mohapatra and Johnson, 1998). Previous 
estimates for the dip of the Teton fault span a wide range (35 – 90°). Early 
approximations proposed a fault dip of 60 – 90° from gravity forward models (Lavin and 
Bonini, 1957) and later Behrendt et al. (1968) used seismic forward modeling and delay 
time analysis to propose either a single, low dipping fault (35 – 45°) or a series of closely 
spaced, steeply dipping faults. Trenching studies by Byrd (1995) and seismic refraction, 
gravity and inverse ray-tracing modeling support a steeply dipping (75 – 85°) normal 
fault (Smith et al. 1993b; Byrd et al., 1994) and most recent studies involve an 
interpretation with steeply dipping (>45°) stepped normal faults (Love et al. 2003; 
Hampel et al., 2007; White et al., 2009). 
Regional overview 
The Teton fault, which lies at the junction of four distinct tectonic provinces 
(Basin and Range, Snake River volcanic plain, Laramide uplift, Sevier fold-thrust belt), is 
interpreted as the northeasternmost fault in the Basin and Range (e.g., Brown et al., 
2017). Given this dynamic setting, the area has been subjected to varying levels of 
Mesozoic to early Tertiary crustal shortening involving thrust faulting and folding, Late 
Tertiary to Quaternary E-W extension and normal faulting, and Late Tertiary to 
Quaternary volcanism, crustal uplift and subsidence associated with the Yellowstone 
volcanic province (Smith et al. 1990). The Teton Range also lies within the 
Intermountain Seismic belt (Smith and Sbar, 1974), a region characterized by diffuse 
shallow seismicity extending from southern Nevada, Arizona and Utah through western 
Wyoming to northwestern Montana. Here, Quaternary normal faults generate earthquakes 
in response to intraplate extension (Arabasz et al, 1980; Doser and Smith, 1983). 
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Historical earthquakes, including the 1983 Lost River Fault earthquake (Ms = 7.3) in 
Borah Peak, Idaho (Doser and Smith, 1985; Richins et al., 1987; Crone et al., 1987) and 
the 1959 Hebgen Lake fault earthquake (Ms = 7.5) in Montana (Myers and Hamilton 
1964; Doser and Smith, 1985) serve as relevant analogs to the Teton fault given that these 
earthquakes occurred along similarly dipping (45° – 75°) normal faults in the eastern 
Basin and Range. Evidence for Quaternary motion on the Teton fault is observed in 
postglacial moraine ruptures, with total offset from 3 – 52 m (Smith et al., 1989, 1993a; 
Gilbert et al., 1983; Susong et al., 1987). The youngest fault motion recorded was found 
in trenching studies conducted at the mouth of Granite Canyon, which exposed two 
prehistoric fault ruptures occurring at 7.98 and 4.80 ka, for a total of 4.1 m of 
displacement (Byrd and Smith, 1990; Byrd, 1991; Smith et al., 1993a). However, the 
record of historic seismic activity (or lack thereof) along the Teton fault suggests seismic 
quiescence for ~5 ka (Smith et al., 1985) and this seismic gap may indicate that the Teton 
fault is capable of producing a moderate to large earthquake (Ms ~7.1; Smith 1988; 
White et al., 2009). 
Displacement and age interpretations for the Teton Fault 
In the Teton Range, displacement magnitudes and fault timing have been 
estimated based on (a) geophysical methods, (b) stratigraphic relationships, and (c) low-T 
thermochronology. A series of early forward gravity models by Lavin and Bonini (1957), 
reported a maximum total throw of 5.5 km. In these models, there was limited control on 
the extent of deformation on the Paleozoic-Precambrian contact and thus assumptions 
were made regarding the nature of pre-extensional deformation on that surface. This, in 
addition to the inherit ambiguity of gravity models, has led numerous workers to continue 
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efforts to estimate displacement with further techniques. Geophysical studies conducted 
by Behrendt et al. (1968) and Tibbetts et al. (1969) indicated a throw of ~7 km derived 
from seismic refraction modeling, standard gravity forward modeling and delay time 
analysis. However, these studies reported that poor data quality on the west end of the 
refraction profile and the absence of ray path coverage west of the Teton fault limited 
clear imaging of the subsurface fault geometry. 
Estimates of displacement across the Teton fault based on observed stratigraphic 
and structural relationships (Table 1), range from 2.1 – 11 km. The Precambrian-
Cambrian unconformity is one such stratigraphic marker that is exposed on the summit of 
Mount Moran (Love et al., 1992) and can be found throughout the Teton Range, 
specifically on the northwest, west, and southern portions of the range. By projecting the 
reconstructed unconformity surface from the summit of Mount Moran to the presumed 
depth of the unconformity located in the hanging wall, Behrendt et al. (1968) argue ~7 
km of vertical displacement from the top of the range to the floor of Jackson Hole. It is 
worth noting that the unconformity surface is highly variable and has been affected by 
several episodes of deformation in the region (i.e. Mesozoic to early Tertiary, east-west 
compression, late Tertiary crustal extension, and late Cenozoic crustal deformation 
resulting from the Yellowstone volcanic system; Smith et al., 1990). Love and Reed 
(1971) proposed a stratigraphic displacement of 7.6 – 9.1 km based on angular 
unconformities and stratigraphic offset between the Miocene Colter and Teewinot 
formations and the Conant Creek Tuff (5.8 Ma). Other studies used stratigraphic 
interpretations of total throw (2.1 – 2.9 km) involving the Huckleberry Ridge Tuff (~2 
Ma), by projecting the westward dipping surface of the tuff from exposures on Signal 
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Mountain toward the Teton fault to depths of 2.1 – 3.0 km Indicating at least ~2 km of 
throw along the fault since the eruption of the Huckleberry Ridge Tuff (Gilbert et al., 
1983; Smith et al., 1989, 1993; Pierce and Morgan, 1992). This analysis of course 
assumes that there are no major faults between Signal Mountain and the projected 
location on the Teton fault (Fig. 1b). Byrd et al. (1994) used paleomagnetic data from an 
exposure of the Huckleberry Ridge Tuff (~2 Ma) to suggest a 10° post-emplacement tilt 
of the deposit. Although paleomagnetic measurements used for this estimate have 
limitations such as relying on assumptions relating to preexisting topography, 
demagnetization behavior, and including several sites with inconsistent negative 
inclination, incorporating this data with gravity, seismic models and detailed mapping led 
to length-averaged displacements of 2.5 – 3.5 km.  
Timing of fault initiation of the Teton fault also remains uncertain. Many of the 
proposed fault timing estimates (13 Ma – 2 Ma) rely on similar stratigraphic relationships 
and the arguments involving the unconformity surface between the Miocene Colter and 
Teewinot Formations and the Conant Creek Tuff (5.8 Ma) lead to a wide range of onset 
timing interpretations (Barnosky, 1984; Smith et al., 1993b; Love, 1977). Barnosky 
(1984) derived an estimate for slip onset (13 – 9 Ma) directly from the angular 
unconformity (15°) between the Colter Formation and the overlying Teewinot Formation 
to the east of Jackson Hole. In another stratigraphic argument, Love (1977) suggests that 
faulting began about 5 to 6 Ma based on the lack of field evidence for clastic detritus in 
the Miocene Teewinot Formation, which is interpreted to indicate that the formation 
predated significant structural relief and thus, the range had not yet been uplifted. 
However, this explanation is contested by Shuey et al. (1977) and challenged again by 
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Byrd et al. (1994), as both studies note that the present-day material in Jackson Lake is 
largely silt and clay and lacks coarse material, despite the presence of modern-day relief. 
The areal distribution of the Kilgore Tuff (4.45 Ma) reaches as far east as Jackson Hole 
and the Gros Ventre Range. Morgan and McIntosh (2005) indicate that the Teton Range 
would have restricted eastward migration of the pyroclastic flow later to become the 
welded Kilgore Tuff, and therefore the observed presence at Signal Mountain and Pilgrim 
Peak implies the range had not begun to uplift until after ~4.5 Ma. This timing is again 
supported by work comparing distances of faults from Yellowstone to the age of those 
faults (Pierce and Morgan, 2009). Another study by Leopold et al. (2007) incorporated 
age data from pollen in the fine-grained sediments of the Shooting Iron Formation (~2 
Ma). Underlying the late Pliocene Shooting Iron Formation and separated by an angular 
unconformity is the Miocene Teewinot Formation with a largely different pollen flora. 
Using this relationship and the absence of Precambrian clasts in the Tertiary valley 
deposits, authors indicate that the majority of fault movement must have occurred after 
~2 Ma. Byrd et al. (1994) also suggested that the vast majority of displacement (2.5 – 3.5 
km) on the Teton fault must have occurred within the Quaternary, specifically the past ~2 
Ma, using the rotation angle of the Huckleberry Ridge Tuff from its assumed horizontal 
depositional orientation. However, this also assumed that the Teton fault had only 
accumulated <10 km of finite slip over its history. 
Furthermore, low T thermochronologic studies have also provided displacement 
interpretations that are largely independent of the stratigraphic relationships and 
geophysical data previously discussed. Roberts and Burbank (1993) used AFT analyses 
to determine the timing of exhumation of the Teton Range, leading to total displacement 
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interpretations of ~3.5 km and slip onset at ~28 Ma or >2 Ma. However, this 
thermochronologic dataset pre-dated the modern zeta-calibration approach for AFT 
analysis, and thus these ages cannot be placed into a modern framework. A new AHe and 
AFT dataset was collected by Brown et al. (2017), from which a minimum total 
displacement of ~6 km was estimated based on AHe ages (Brown, 2010; Brown et al., 
2017). Perhaps more importantly, zeta-calibrated AFT ages from that study (13.6 ± 0.6 
Ma and 9.5 ± 2.8 Ma) were used to derive minimum footwall uplift estimate of 3.1 – 3.6 
km, which in turn yielded a total displacement of 9 – 11 km. 
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CHAPTER 3. METHODOLOGY 
To evaluate a range of displacement and fault onset timing scenarios, flexural-
kinematic and thermal kinematic (Pecube) modeling was used to forward model the 
isostatic, erosional, and thermal evolution of the Teton Fault. The flexural-kinematic 
modeling component considered sequential deformation for each of the previously 
proposed estimates of total displacement Dmax (2 km – 17 km) and age of slip onset 
initiation (5, 12, and 19 Ma) and, based on the results of these models, thermal-kinematic 
models were produced for the same slip onset timings but with displacements of 9 – 17 
km in 2 km increments. The decision to only consider higher displacement scenarios in 
the thermal-kinematic models is discussed in the below and in the Results section. 
First, a range of parameters, including fault dip (45° – 70°), depth to detachment 
(Zd; 15 and 20 km), and effective elastic thickness (Te; 5, 10, and 15 km) were 
implemented into the flexural-kinematic models to test which values may be appropriate 
for the evolution of the Teton fault. The results of each kinematic scenario were 
evaluated against a swath topographic profile extracted from a digital elevation model 
(DEM) of the modern Teton Range and compared to the flexural wavelengths of the 
footwall uplift and the hanging wall basin. From this set of models, the scenarios with 
geometries and kinematics that produced an acceptable flexural profile wavelength 
(within 1 km), basin width (~15 km), and footwall uplift (> 2 km) were selected for 
thermal-kinematic modeling. The thermal-kinematic models are then used to derive 
predicted cooling ages of exhumed rocks for each scenario. The resulting cooling history 
is then compared to AFT and AHe ages from the footwall transect near Mount Moran, 
which is interpreted by Brown et al. (2017) to record the Dmax along the Teton fault. 
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Flexural – kinematic modeling 
Flexural-kinematic models were produced using Petroleum Experts Move (2019) 
software to calculate the flexural response to isostasy for a range of fault geometries, 
Dmax, Zd, and Te values (Table 3.1). Fault slip was forward modeled using the fault 
parallel flow algorithm (Egan et al. 1997; Kane et al. 1997), which works by translating 
particles in the hanging wall along flow lines parallel to the fault plane while maintaining 
line lengths in the hanging wall. Fault slip is implemented in 1 – 2 km incremental steps 
until the desired Dmax is reached. A simplified schematic of the iterative process described 
below. Following each increment of fault slip (Figure 3.1), the flexural isostatic response 
is calculated with the flexural isostasy algorithm. The difference in the volume of 
material between the deformed topographic surface and the topography of the previous 
step represents the flexural-isostatic load to be accommodated, which is calculated by 
applying the defined values for load density (ρc) to the volume of material and Te to the 
crust. When the load is removed, or “unloaded” the footwall rises isostatically by a 
quantity dependent on the flexural properties of the lithosphere (Figure 3.1c, Table 3.2). 
The flexural isostatic response to unloading using a continuous 2D beam is described by 
Watts (2001): 
q  =  𝐷	 !
!"
!$!
+ (𝜌% − 𝜌&)		𝑔	𝑤           (Eq. 1) 
where q is the applied vertical load (N m-2), D is the flexural rigidity, ρm is the density of 
the mantle (3300 kg m-3), ρc is the density of the eroded load material (2750 kg m-3), w is 
the vertical deflection of the beam, and g is the acceleration due to gravity (9.81 m s-2). 
Lithospheric flexural rigidity D is described by: 
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Where E is Youngs modulus (70 MPa for all models), Te is the effective elastic thickness 
(5 – 15 km; Lowry and Smith, 1994; Watts and Burov, 2003, Tesauro et al., 2015), and v 
is Poisson’s ratio. The effective elastic thickness is the most important variable 
controlling D, the flexural rigidity of a thin plate overlying a fluid without viscosity, and 
is characterized by Turcotte and Schubert (1982): 
Te = Me 12 (1- v2) EK1/3            (Eq. 3) 
where elastic thickness (Te) is described by the elastic bending moment (Me), Poisson’s 
ratio (v), and curvature (K).  
After the slip and subsequent flexural response are calculated at each timestep, the 
resultant footwall topographic profile is incrementally eroded following a profile roughly 
parallel to the dip of the modern-day flexural uplift (Figure 3.1d). In this scenario, the 
difference in cross-sectional material is less significant (thickness <0.3 km) between the 
deformed and unloaded topographic surface and the eroded topographic profile. Again, 
the difference in material between the deformed and unloaded topographic surface 
(Figure 3.1c) and the eroded topographic surface (Figure 3.1d) represents the flexural-
isostatic load to be accommodated, resulting in the final profile for the footwall (Figure 
3.1e). For the final phase, the basin resulting from hanging wall drop is filled with 
accumulated syntectonic sediment (Figure 3.1f). During this process, an x-y point cloud 
with a grid spacing of 0.25 km is also deformed along with the section to produce the 
vectors that will be used as input for the Pecube thermal-kinematic models.   
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3.1.1 Defining modeled fault geometries 
Detailed studies of Basin and Range normal faults have shown that some of these 
structures dip steeply at the surface (45° – 70°) and sole abruptly into subhorizontal 
detachments at depths of 15 – 20 km, which is interpreted by multiple studies to 
correspond to the brittle-ductile transition (Wernicke and Burchfiel 1982, Gans and 
Miller 1984, Jackson & McKenzie 1983). The near-surface dip of the Teton fault has 
been estimated to range from 35 – 85° (Byrd, 1994; Smith et al. 1991; Gilbert et al., 
1983; Love, 1977; Behrendt et al., 1968, Lavin, 1957). To address this range of fault dips 
and detachment depths, initial flexural-kinematic models that were tested include near-
surface fault dips of 45°, 60°, and 70° and listric detachment depths of 15 and 20 km. 
Model results incorporating this entire range of model parameters (Te, Zd, near surface 
fault dip) are then compared to the observed flexural profiles for footwall uplift and basin 
width derived from swath topographic profiles through the present-day Mount Moran 
transect (Figure 3.2). 
3.1.2 Generating observed swath topographic profiles 
The swath topographic profile that is compared with the resultant surface 
topography of the flexural-kinematic models was constructed using a 10 m DEM 
combined with the Swath Profiler ArcGIS add-in (Figure 3; Perez et al., 2017). For a 
user-defined vector feature (polyline) orthogonal to the Teton fault through Mount 
Moran, the SwathProfiler calculates maximum, minimum, and mean elevation profiles 
for each of the 50 equally spaced topographic profiles within the 6000 m swath width. 
The resultant mean swath profile of the observed topography (Figure 3.2b) is then 
compared with the range of results from the flexural-kinematic models to define a 
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reference case model that displays the best-fit between the modeled and observed 
topography. 
Thermal – kinematic modeling 
In the final step of the modeling workflow, the reference case flexural-kinematic 
model defined above is coupled with a thermal-kinematic Pecube model (Braun, 2002; 
Braun, 2003; Braun et al. 2012). Linking the kinematic model with the advection-
diffusion thermal model is useful for calculating the evolving subsurface thermal field 
and for predicting cooling ages (e.g. McQuarrie and Ehlers, 2015). The software solves 
the heat transport equation to incorporate the influence of heat conduction and advection 
into the forward model of the crustal thermal field. The primary controls on the thermal 
state of the crust include: (1) radiogenic heat produced in the crust, (2) basal mantle heat 
flow, and (3) the bulk thermal conductivity of the crustal section. Heat transfer is 
described by the partial differential equation (Jaeger and Carslaw, 1959): 
-div (-k ∇T) +A = ρc		/(
/0
     (Eq. 4) 
where T is temperature, t is time, k is thermal conductivity, A0 is volumetric heat 
production and ρ and c are density and specific heat capacity of the crust, respectively. 
The value for bulk thermal conductivity (k, 3 Wm-1K-1) was assigned based on measured 
data from the Precambrian section in the Teton Range, consisting of gneiss, schist, and 
granite (Heasler, 1987). Specific heat capacity (c, 880 J kg-1K-1) for this model 
corresponds to the mean value for granite observed in measurements by Touloukian et al. 
(1989). In the Pecube code, variations to the geothermal gradient are controlled primarily 
by adjusting the surface heat production (A0) value and e-folding depth (ef) which 
describes an exponential decrease in heat production with depth in the model space. 
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Crustal volumetric heat production (A0, 2.45 µWm-3) within the range of global average 
values for granite is applied and decreases with depth according to an exponential curve 
with an ef of 8.5 km (Haenel et al. 1988; Ehlers, 2005). The same mantle and crustal 
density values used in Move were again applied (ρm of 3300 kg m-3 and ρc of 2750 kg m-
3) in the thermal-kinematic models. Here, models are produced using constant
temperature boundaries at the surface and base of each model of 4° C and 1300° C at 110 
km depth, respectively (McQuarrie and Ehlers 2015). These values lead to an acceptable 
proxy for the observed geothermal gradient in this region of 18 – 27° C km-1 (Decker et 
al. 1980; Heasler et al. 1987; Brott et al., 1981; Blackwell et al., 1992, 2004). From the 
surface, temperature is set to decrease with elevation at an atmospheric lapse rate of 6° C 
km-1, comparable to the reported value for the Wasatch Range (Dirks, 1982; Masbruch et 
al., 2012). A comprehensive list of material properties and numerical parameters used in 
thermal-kinematic models are shown in Table 3.3 and constant velocity models tested in 
Table 3.4.  
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Table 3.1 – Flexural-kinematic model parameters tested in 2D-Move and Pecube 
velocity input models. 
Model 
Number 
Dip Angle 
(°) Et (km) 
Depth to 
Detachment 
(km) 
Total 
Displacement 
(km) 
Velocity 
model 
1 70 5 20 9, 11, 13 A, B, C 
2 70 5 15 9, 11, 13 A, B, C 
3 60 15 20 9, 11, 13 A, B, C 
4 45 15 20 9, 11, 13 A, B, C 
5 45 10 20 9, 11, 13 A, B, C 
6 70 10 15 9, 11, 13 A, B, C 
7 70 15 20 9, 11, 13 A, B, C 
8 60 5 15 9, 11, 13 A, B, C 
9 45 5 15 9, 11, 13 A, B, C 
10 60 5 20 9, 11, 13 A, B, C 
11 45 5 15 9, 11, 13, 14, 15, 16, 17 
A, B, C, D, 
E, F, G 
12 60 5 15 9, 11, 13, 14, 15, 16, 17 
A, B, C, D, 
E, F, G 
13a 70 5 15 9, 11, 13, 14, 15, 16, 17 
A, B, C, D, 
E, F, G 
13b 70 5 15 11, 13, 15, 17 H, I, J, K 
13c 70 5 15 11, 13, 15, 17 L, M, N, O 
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Table 3.2 – Mechanical properties and symbols for 2D-Move flexural-kinematic models. 
Dashes indicate parameters calculated within the model.  
Parameter 
Maximum fault displacement (Dmax) 9, 11, 13, 14, 15, 16, 17 km 
Effective elastic thickness (Te) 5, 15, 20 km 
Detachment depth (Zd) 15, 20 km 
Imposed slip / step 1 km, 2 km 
Density of the crust (rc) 2750 kg m-3 
Density of the mantle (rm) 3300 kg m-3
Acceleration due to gravity (g) 9.81 m s-2 
Young’s modulus (E) 70 GPa 
Poisson’s ratio (v) 0.25 
Applied vertical load (q) - 
Lithospheric flexural rigidity (D) - 
Flexural uplift or subsidence (w) -
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Table 3.3 – Material properties and numerical parameters tested for Pecube 
thermal-kinematic models. 
Material Properties 
Property Model Input 
Heat production (A0) 2.45, 3 μW m-3 
Thermal conductivity (k) 3 W m-1 K-1 
Specific heat capacity (c) 880 J kg-1 K-1 
e-folding depth (ef) 8.5, 11.5 km 
Density of the crust (rc) 2700 kg m-3 
Density of the mantle (rm) 3300 kg m-3 
Numerical Parameters 
Parameter Model Input 
Model domain 110 km x 310 km x 5 km 
Onset of fault motion 19 Ma, 12 Ma, 5 Ma 
Grid spacing 0.5 x 0.5 km, 0.25 x 0.25 km 
Surface temperature at sea level 4°C 
Atmospheric lapse rate 6°C km-1 
Basal temperature 1300°C 
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Table 3.4 – Constant velocity models tested in Pecube thermal-kinematic models. 
Velocity Model Dmax (km) Slip onset (Ma) Slip rate (km Myr-1) 
A 
B 
C 
9 
11 
13 
19 
19 
19 
0.47 
0.58 
0.68 
D 
E 
F 
G 
14 
15 
16 
17 
19 
19 
19 
19 
0.74 
0.79 
0.84 
0.89 
H 
I 
J 
K 
11 
13 
15 
17 
5 
5 
5 
5 
2.20 
2.60 
3.00 
3.40 
L 
M 
N 
O 
11 
13 
15 
17 
12 
12 
12 
12 
0.92 
1.08 
1.25 
1.42 
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Figure 3.1 – Simplified schematic of step-wise process in flexural-kinematic modeling 
software, (a) undeformed, (b) deformation along normal fault, (c) isostatic unloading 
(black arrows) of material moved by fault, (d) erosion of material (black dashed wedge), 
(e) erosional unloading (black arrows) from removal of eroded material mass, (f)
sediment loading from deposition of sediment. Steps are exaggerated.
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Figure 3.2 – (a) Modern day DEM from which the (b) observed elevations are extracted 
as minimum, mean, and maximum elevation profiles. The polyline (solid black line W – 
E) is split to capture flexural response in an area with minimal vertical glacial incision
because erosion is not modeled in the hanging wall. The Buffalo Fork trough flowed
westward towards Jackson Lake and the approximate ice boundary (dashed blue line)
represents the glacial terminus during the Burned Ridge phase of the Pinedale glaciation
(Smith et al., 1993b).
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CHAPTER 4. RESULTS 
Flexural-kinematic modeling 
Flexural-kinematic models were first used to constrain the threshold displacement 
necessary to produce a footwall topographic profile that matches the present-day 
topography. In these systems, footwall uplift is primarily an isostatic response controlled 
by the magnitude of Dmax and footwall erosion. These flexural-kinematic models yield 
predictions of the footwall uplift contribution to total fault slip, which can then be 
compared to the range of Dmax estimates. To assess the effect of increasing Dmax, a 
reference geometry was considered (fault dip angle of 70°, Te = 5 km, and Zd = 15 km) 
and the magnitude of footwall uplift was evaluated for Dmax = 2 km, 7 km, 11 km, 17 km, 
and 20 km (Figure 4.1) without incorporating footwall erosion and hanging wall sediment 
loading in order to test the maximum effect of isostatic compensation. The amount of 
possible eroded material may be as high as ~2 km if the entire thickness of the Paleozoic 
section was removed. A consistent increase in the resulting footwall uplift corresponds to 
values of greater Dmax. In models that test Dmax of 2 km and 7 km the resulting footwall 
uplift (0.7 km and ~2 km; Figure 4.1) is less than or equal to the present-day footwall 
relief observed at Mount Moran (~1.8 km). For greater Dmax (11 km), footwall uplift 
increases to 3.2 km above the model datum. The model predicted uplift continues to 
increase (4.2 and 2.5 km) for Dmax of 17 km and 20 km, respectively (Figure 4.1). The 
modern footwall relief at Mount Moran (~1.8 km) would yield modeled Dmax estimates of 
6 – 8 km (Figure 4.2), which is a minimum estimate because erosion was not 
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incorporated into these models. Thus, Dmax values of 2 and 7 km create insufficient 
footwall uplift and Dmax for the Teton fault is likely > 9 km (Figure 4.2). 
A set of 13 models incorporating footwall erosion and sediment loading of the 
hanging wall (Figure 4.2 – 4.14, Table 3.1) were run to evaluate the model response to 
variations in Te and subsurface fault geometry, including near surface fault dip and Zd. 
Each of these kinematic scenarios yield a different flexural response which can then be 
compared to the swath topographic profiles to define the reference case. Tables 4.1 and 
Figure 4.15 summarize the range of forward models, the input parameters, and the results 
of the swath topographic profiles from the Teton Range-Jackson basin.  
Flexural rigidity is tested by varying Te for models with the same fault dip angle 
and Zd. For all fault dips, models with greater values of Te (10 and 15 km) show <1 km of 
footwall uplift, while lower values (5 km) generally showed more than double that 
magnitude (1.8 - 2.8 km). Next, Zd was varied to investigate responses in the wavelength 
of the resulting hanging wall basin and hanging wall flexure. Instances with deeper 
values for Zd (20 km) yield longer basin wavelengths (20 – 24 km) compared to those with 
shallow Zd (15 km) range 15 – 18 km. Models with the same Te were then evaluated for 
different fault dip angles. As fault dip increases the height of the uplift of the footwall 
regularly increases. For instance, when fault dip = 45° and Te = 5 km, the resultant 
footwall uplift is 1.8 km. With the same Te, but increasing the fault dip angle to 60°, 
footwall uplift was ~2.0 km. Models with fault dip = 70° have footwall uplift between 2.1 
– 2.6 km. In order to evaluate the effect of varying Te on the flexural wavelength of the
footwall a consistent Zd was maintained for all fault dip angles. Where Zd  = 20 km and 
flexural rigidity is lowest (Te  = 15) models show a concave down flexural profile, with a 
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relatively low amount of uplift (0.6 – 0.9 km) that is regionally dispersed (56 – 72 km). 
Greater flexural rigidity (Te = 5) generates models with an increased uplift (1.8 – 2.6 km) 
over shorter lateral wavelengths (35 - 44 km). For all models with Zd = 20 km, basin 
wavelength remains ~22 km as fault dip varies from 45 – 70°.    
Identifying a reference flexural-kinematic model 
Final surface topographies from each flexural-kinematic model were compared to 
a detailed swath topographic profile extracted from a DEM of the observed topography to 
evaluate which parameter configurations best represent the observed profile. As 
discussed in the methods section, a reference case kinematic model was selected on the 
basis of three primary comparisons, including: (1) the wavelength of the footwall uplift 
(~29 km), (2) the wavelength of the hanging wall basin (~15 – 20 km), and (3) the 
magnitude of footwall uplift at Mount Moran (Figure 4.16). Flexural-kinematic models 2, 
8, and 9 which have varying fault dip angles (70°, 60°, and 45°), Te = 5 km and Zd = 15 
km yield the closest match to the observed flexural topography and yield footwall uplift 
values of 2.1 m, 2.1 m, and 1.8 m, respectively. In order to achieve greater footwall 
uplift, the same structural constraints from models 2, 8, and 9 were utilized in models 11, 
12, and 13 testing greater Dmax (17 km) in finer increments (1 km). The particle vectors 
from the modeled solution with the least variance from the observed topography (Model 
13; wavelength of footwall uplift: 28 m, wavelength of hanging wall basin: 20 km, and 
total footwall uplift: 3.1 km) was identified as the reference case to be used in the next 
phase of thermal-kinematic modeling (Figure 4.17). In those models, velocity fields for a 
range of Dmax values up to 17 km are exported to be used as input velocity fields for the 
thermal-kinematic models.   
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In addition to the footwall uplift and wavelengths of flexural response, another 
notable feature in the modeled topography develops in the hanging wall. This prominent 
isostatic uplift forms to the east of the basin within all flexural-kinematic models (Figure 
15 and 4.16). For a swath topographic profile through Mount Moran trending directly to 
the east in the hanging wall, the observed terrain has unusually low relief compared to 
swaths along strike (Figure 3.2). Here, the gradually diminishing topography can be 
attributed to glacial scouring from a major ice sheet (Buffalo Fork lobe) that flowed 
through the Buffalo Fork Valley into Jackson Hole from the east during the Pinedale 
glaciation (Smith et al., 1993b, Pierce and Good, 1992). This area is now part of the 
modern floodplain for the Snake River and Buffalo Fork River. The swath topographic 
profile through the observed topography is split in order to account for this feature 
(Figure 3.2). 
Thermal-kinematic modeling 
In the final phase of modeling, Pecube models were run for a range of interpreted 
fault slip onsets (5, 12, and 19 Ma) and Dmax values (9 – 17 km) to produce predicted 
cooling ages that can be compared with the observed data from Mount Moran. Fault slip 
onsets were chosen to represent the entire range of interpreted onsets in previous studies 
(Byrd et al., 1994; Love et al., 2003; Roberts and Burbank, 1993; Brown et al. 2017; 
Thigpen et al., in prep). Pecube solves the heat conduction equation (including advection) 
for the vector field defined by the reference case flexural-kinematic model. All thermal 
models use a constant rate of displacement (see Table 3.4) from the time of slip onset to 
present-day. Because the oldest current age in the Moran dataset is ~38 Myr (AFT, 
central age; Brown et al. 2017), models with slip onsets of 19, 12, and 5 Ma are run from 
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57, 50, and 43 Ma to present, respectively, which produces thermochronologic ages 
above the AFT Tc of ~38 Myr at the onset of fault slip, which assumes a relatively simple 
single uplift exhumation history. Because of the grid resolution used in the flexural-
kinematic model (250 m x 250 m), 2 – 4 cooling ages are extracted along the fault plane 
from the thermal model for each time step. Predicted AHe and AFT cooling ages for all 
thermal models are shown in Table 4.2 and described in more detail in the following 
section. Pecube models results and corresponding kinematic solution are shown in 
Figures 4.17 – 4.31.  
As can be expected, the absolute ages and age trends produced by the thermal-
kinematic models, which all have linear fault slip rates, are controlled by the timing of 
fault slip onset. Models begin to thermally equilibrate ~38 m.y. prior to the onset of slip 
for constant velocity models with slip onset timings of 19 Ma-present, 12 Ma-present, 
and 5 Ma-present. The decision to begin each thermal model ~38 m.y. before fault slip 
onset is based upon the observed AFT age at the summit of Mount Moran (38.0 ± 2.6 
Ma; Brown et al., 2017). The earliest possible cooling age is a function of when motion 
along the normal fault initiates and exhumation begins. For example, where slip onset 
begins at 19 Ma, the model runs from 57 Ma to 19 Ma and allows for the thermal model 
to equilibrate crustal temperatures. At the time that deformation begins (19 Ma), all 
thermochronometers are 38 Ma in age. Samples that are above the Tc and have already 
cooled prior to fault slip onset, will continue to age with increasing model time. Samples 
that are below the Tc may be exhumed through the closure temperature and reflect reset 
AHe ages if the value for Dmax is sufficient in that given model. Because the majority of 
the thermal-model predicted AHe ages used in this analysis are reset and therefore, 
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younger than fault slip onset, more emphasis is placed on the age-elevation trends 
between reset samples than the absolute ages determined by the model start time.  
In summary, when faulting begins at 5 Ma, the predicted AHe cooling ages range 
from 46.5 to 3.6 Ma for models with values of Dmax 11 – 17 km. For a 12 Ma fault slip 
onset, AHe ages span 47.4 to 7.5 Ma again for a range of models with Dmax 11 - 17 km. 
The range of AHe ages is slightly older for fault slip onset at 19 Ma for Dmax 9 – 17 km. 
AFT data is also predicted by the thermal-kinematic model. For 5 Ma fault slip onset, 
predicted AFT ages for Dmax = 11 – 17 km range from 43.5 – 33.3 Ma. Where faulting 
begins at 12 Ma, predicted AFT ages span 50.9 – 39.9 Ma. Models with Dmax 9 – 17 km 
that begin at 19 Ma return AFT ages 51 – 41.4 Ma.  
33 
Table 4.1 – Flexural-kinematic (Move) forward models tested and the measured results. 
Input Parameters Measured Results 
Model 
Number 
Dip 
Angle (°) Et (km) Zd (km) 
Dmax 
(km) 
Footwall 
wavelength 
(km) 
Basin 
wavelength 
(km) 
Footwall 
uplift 
(km) 
1 70 5 20 13 43.5 22.7 2.65 
2 70 5 15 13 35.0 16.0 2.14 
3 60 15 20 13 72.0 24.0 0.8 
4 45 15 20 13 32.3 21.8 0.60 
5 45 10 20 13 61.2 19.6 1.00 
6 70 10 15 13 60.8 17.1 0.90 
7 70 15 20 13 56.8 22.6 0.90 
8 60 5 15 13 44.3 15.3 2.10 
9 45 5 15 13 42.9 18.3 1.80 
10 60 5 20 13 39.8 21.4 2.00 
11 45 5 15 13 22.0 18.4 2.60 
12 60 5 15 13 25.4 28.5 2.80 
13 70 5 15 17 28.0 20.0 3.20 
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Table 4.2 – Predicted and observed AHe and AFT data. 
Elevation (Z) (km) AHe age (Ma) AFT age (Ma)
5 Ma – 11 km 
2.35 
2.07 
0.67 
0.15 
40.5 
39.9 
26.6 
31.7 
43.5 
43.2 
40.6 
41.2 
5 Ma – 13 km 
2.77 
2.68 
1.38 
0.168 
41.5 
41.4 
25.0 
1.50 
43.5 
43.5 
40.4 
36.7 
5 Ma – 15 km 
3.07 
1.93 
0.69 
0.22 
40.5 
25.1 
1.80 
2.10 
43.1 
40.4 
36.7 
37.1 
5 Ma – 17 km 
3.37 
2.61 
1.33 
0.20 
37.8 
27.2 
6.70 
3.60 
42.5 
40.7 
37.6 
33.3 
12 Ma – 11 km 
2.35 
2.07 
0.69 
47.4 
46.7 
32.3 
50.9 
50.5 
47.7 
12 Ma – 13 km 
2.77 
2.68 
1.38 
0.17 
46.8 
46.8 
33.1 
11.2 
50.6 
50.6 
47.9 
44.4 
12 Ma – 15 km 
3.07 
1.93 
0.69 
0.22 
45.9 
33.0 
11.5 
10.7 
50.3 
47.9 
44.5 
44.5 
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Table 4.2 (continued) – Predicted and observed AHe and AFT data. 
Elevation (Z) (km) AHe age (Ma) AFT age (Ma)
12 Ma – 17 km 
3.37 
2.61 
1.33 
0.20 
44.5 
33.4 
12.0 
7.50 
49.9 
48.0 
44.6 
39.9 
19 Ma – 9 km 
1.47 
0.12 
46.5 
35.0 
50.6 
48.1 
19 Ma – 11 km 
2.07 
0.69 
47.1 
35.6 
50.9 
48.3 
19 Ma – 13 km 
2.68 
1.38 
0.17 
47.1 
36.3 
16.5 
51.0 
48.5 
45.4 
19 Ma – 14 km 
2.92 
1.63 
0.40 
47.1 
36.3 
16.5 
52.0 
48.5 
45.4 
19 Ma – 15 km 
3.07 
1.93 
0.69 
47.1 
36.3 
16.6 
50.7 
48.6 
45.5 
19 Ma – 16 km 
3.21 
2.26 
0.97 
46.4 
36.4 
16.8 
50.7 
48.6 
45.5 
19 Ma – 17 km 
3.37 
2.61 
1.33 
0.20 
45.5 
36.5 
17.0 
12.7 
50.4 
48.7 
45.5 
43.4 
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Table 4.2 (continued) – Predicted and observed AHe and AFT data. 
Elevation (Z) (km) AHe age (Ma) AFT age (Ma) 
Brown et al., 2017 (observed) Age ± 1σ 
1.719 
1.719 
1.719 
1.719 
20.91 
18.94 
26.32 
23.3 
38.0 ± 3.1 
TR-08-15 
0.859 
0.859 
0.859 
7.12 
12.95 
11.54 
13.6 ± 2.0 
TR-08-03 
0.334 
0.334 
0.334 
0.334 
7.27 
10.22 
8.21 
4.07 
TR-08-06 
0 
0 
0 
8.36 
11.34 
8.37 
11.7 ± 1.7 
TR-08-32 
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Figure 4.1 – Flexural-kinematic (Move) model with a fault dip angle of 70°, Te = 5 km, 
and Zd = 15 km, modeled without footwall erosion or hanging wall sediment loading. 
Tested Dmax values (2 km, 7 km, 11 km, 17 km, 20 km) yield footwall uplift 0.7 km, 2 km, 
3.2 km, 4.2 km, and 4.5 km, respectively.  
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Figure 4.2 – Flexural-kinematic model 1 evaluates a 70° fault, with Te = 5, Zd = 20, and 
Dmax = 13 km. 
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Figure 4.3 – Flexural-kinematic model 2 evaluates a 70° fault, with Te = 5, Zd = 15 , and 
Dmax = 13 km. 
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Figure 4.4 – Flexural-kinematic model 3 evaluates a 60° fault, with Te = 15, Zd = 20, and 
Dmax = 13 km. 
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Figure 4.5 – Flexural-kinematic model 4 evaluates a 45° fault, with Te = 15, Zd = 20, and 
Dmax = 13 km. 
42 
Figure 4.6 – Flexural-kinematic model 5 evaluates a 45° fault, with Te = 10, Zd = 20, and 
Dmax = 13 km. 
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Figure 4.7 – Flexural-kinematic model 6 evaluates a 70° fault, with Te = 10, Zd = 15, and 
Dmax = 13 km. 
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Figure 4.8 – Flexural-kinematic model 7 evaluates a 70° fault, with Te = 15, Zd = 20, and 
Dmax = 13 km. 
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Figure 4.9 – Flexural-kinematic model 8 evaluates a 60° fault, with Te = 5, Zd = 15, and 
Dmax = 13 km. 
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Figure 4.10 – Flexural-kinematic model 9 evaluates a 45° fault, with Te = 5, Zd = 15, and 
Dmax = 13 km. 
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Figure 4.11 – Flexural-kinematic model 10 evaluates a 60° fault, with Te = 5, Zd = 20, 
and Dmax = 13 km. 
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Figure 4.12 – Flexural-kinematic model 11 evaluates a 45° fault, with Te = 5, Zd = 15, 
and Dmax = 17 km. 
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Figure 4.12 (continued) – Flexural-kinematic model 11 evaluates a 45° fault, with Te = 5, 
Zd = 15, and Dmax = 17 km. 
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Figure 4.13 – Flexural-kinematic model 12 evaluates a 60° fault, with Te = 5, Zd = 15, 
and Dmax = 17 km. 
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Figure 4.13 (continued) – Flexural-kinematic model 12 evaluates a 60° fault, with Te = 5, 
Zd = 15, and Dmax = 17 km. 
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Figure 4.14 – Flexural-kinematic model 13 evaluates a 70° fault, with Te = 5, Zd = 15, 
and Dmax = 17 km. 
53 
Figure 4.14 (continued) – Flexural-kinematic model 13 evaluates a 70° fault, with Te = 5, 
Zd = 15, and Dmax = 17 km. 
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Figure 4.15 – Modeled flexural-kinematic topographic profiles for fault dip angles of 
45°, 60°, and 70° and Dmax = 13 km and Dmax = 17. Profiles compare varying Te and Zd. 
Number in parenthesis indicates corresponding model number.  
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Figure 4.16 – (a) Simplified schematic of the Teton fault. (b) Constraints used to select a 
base case flexural-kinematic model including footwall flexural wavelength, footwall 
uplift, and basin flexural wavelength, where both footwall uplift and hanging wall drop 
contribute to Dmax. (c) Base case flexural-kinematic model (red profile) with fault dip 70°, 
Te = 5 km, Zd = 15 km, and Dmax= 17 km with 5X vertical exaggeration compared to the 
max, mean, and min swath topographic profile through Mount Moran and Jackson Hole 
basin. 
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Figure 4.17 – Thermal-kinematic model 13 evaluated in Pecube for a constant slip rate with fault slip onset at 5 Ma for Dmax = 11 km 
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Figure 4.18 – Thermal-kinematic model 13 evaluated in Pecube for a constant slip rate with fault slip onset at 5 Ma for Dmax = 13 km. 
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Figure 4.19 – Thermal-kinematic model 13 evaluated in Pecube for a constant slip rate with fault slip onset at 5 Ma for Dmax = 15 km. 
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Figure 4.20 – Thermal-kinematic model 13 evaluated in Pecube for a constant slip rate with fault slip onset at 5 Ma for Dmax = 17 km. 
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Figure 4.21 – Thermal-kinematic model 13 evaluated in Pecube for a constant slip rate with fault slip onset at 12 Ma for Dmax = 11 km. 
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Figure 4.22 – Thermal-kinematic model 13 evaluated in Pecube for a constant slip rate with fault slip onset at 12 Ma for Dmax = 13 km. 
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Figure 4.23 – Thermal-kinematic model 13 evaluated in Pecube for a constant slip rate with fault slip onset at 12 Ma for Dmax = 15 km. 
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Figure 4.24 – Thermal-kinematic model 13 evaluated in Pecube for a constant slip rate with fault slip onset at 12 Ma for Dmax = 17 km. 
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Figure 4.25 – Thermal-kinematic model 13 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 9 km. 
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Figure 4.26 – Thermal-kinematic model 13 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 11 km. 
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Figure 4.27 – Thermal-kinematic model 13 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 13 km. 
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Figure 4.28 – Thermal-kinematic model 13 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 14 km. 
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Figure 4.29 – Thermal-kinematic model 13 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 15 km. 
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Figure 4.30 – Thermal-kinematic model 13 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 16 km. 
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Figure 4.31 – Thermal-kinematic model 13 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 17 km. 
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CHAPTER 5. DISCUSSION 
Using flexural-kinematic modeling to determine a minimum threshold Dmax 
Comparisons of the topographic-isostatic response of the flexural-kinematic 
models to the observed topography were used to eliminate scenarios in which the 
modeled footwall uplift is inconsistent with the observed uplift at Mount Moran. In these 
systems, footwall uplift is primarily an isostatic response controlled by the magnitude of 
Dmax and footwall erosion. In models that yield Dmax values of 2 km and 7 km the 
resulting footwall uplift (0.7 km and ~2 km; Figure 4.1) is less than or equal to the 
present-day footwall relief observed at Mount Moran (~1.8 km). Importantly, values for 
predicted footwall uplift in this first phase of modeling do not include any influence of 
erosion, which may be as high as ~2 km, raising Dmax to ~9 km if the entire thickness of 
the Paleozoic section in this region was removed. Thus, it is interpreted that for Dmax
values < 9 km, the model cannot reproduce the magnitude of observed footwall uplift at 
Mount Moran, therefore the second phase of thermal-kinematic modeling only includes 
evaluations of models with Dmax > 9 km. However, displacement estimates (2.1 – 7 km) 
based on stratigraphic interpretations involving younger units (~2 Ma, Huckleberry Ridge 
Tuff; Gilbert et al., 1983; Smith et al., 1989, 1993; Pierce and Morgan, 1992, Love and 
Reed, 1971) can still be considered in the framework of models with Dmax > 9 km.  
Thermal structure of the crust during Teton fault evolution 
The preferred structural solutions (Dmax > 9 km) from the flexural-kinematic 
modeling were then integrated with thermal (Pecube) modeling to develop predicted AHe 
and AFT ages determined by the computed crustal thermal structure and temperature 
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history of the exhumed samples. In the thermal-kinematic models, temperature 
distribution and the resultant predicted cooling ages are controlled by the thermal 
evolution of the crust, which is a function of the input thermal parameters. The main 
thermal parameters governing the geothermal gradient can essentially be reduced to the 
basal mantle heat flow (Qm) into the crust, surface heat flow (Q0), bulk thermal 
conductivity (k), and crustal volumetric heat production (A0). Because of the proximity of 
the Yellowstone plateau to the Teton Range, it is possible that Qm may be both elevated 
and variable through time.  
To evaluate the influence this may have on the geothermal gradient in the 
thermal-kinematic models, modeled values of Qo can be compared to present-day Q0 
measurements. In the center of the Yellowstone Plateau, the observed Q0 averages ~150 
mWm-2, but decreases considerably moving away from the modern-day hotspot (Figure 
5.1). Where the Teton and Yellowstone regions begin to overlap, the range of Q0 values is 
~95 - 100 mWm-2 (Figure 5.1). Geothermal gradient models of Thigpen et al. (in prep) 
evaluate a range of possible Qm values (4 – 100 mWm-2) for the measured Qo values in 
the northernmost Basin and Range, which yields a maximum geothermal gradient of 
~34°C km-1 (Figure 5.2). Further from the hotspot in the southern portion of the Teton 
Range, measured surface heat flow values average ~70 mWm-2 (Figure 5.1). Here, the 
modeled geothermal gradient for a range of Qm (12 – 72 mWm-2) is calculated to be 
~24°C km-1 (Thigpen et al., in prep). Because this study focuses on Mount Moran, 
located at the paleocenter of the Teton fault and between the areas of greatest (~95 mWm-
2) and least (~70 mWm-2) measured Q0, the value used in the thermal model for
geothermal gradient (25° C km-1) is interpreted to fall within the range of modeled values 
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(24 – 34° C km-1; Figure 5.2, Thigpen et al., in prep). This also falls within the measured 
range of values for geothermal gradient in the southern Tetons (18 – 27° C km-1; Heasler 
et al., 1987).  
Comparing observed and model predicted AHe cooling ages 
The age-elevation relationship (Figure 5.3), which is determined by analyzing 
cooling ages for samples collected along subvertical transects, can be used to characterize 
not only the exhumation rate through time, but also any changes in the exhumation rate 
that may have occurred in the time interval preserved along the elevation trend (Figure 
5.3). The slope of the best fit trend line through the data is an inferred exhumation rate, 
where steeper gradients indicate more rapid exhumation and less steep slopes indicate 
slower exhumation (Figure 5.3). Inflection points in the age-elevation relationship can be 
used to estimate the onset of rapid exhumation and in some cases can be used as a proxy 
for fault initiation (Figure 5.3). In theory, this approach relies on the idea that samples 
travel from depth to their present elevation through unperturbed isotherms.  
Age-elevation relationships from the observed AHe data (Brown et al., 2017) and 
the predicted AHe ages derived from the thermal-kinematic models for a range of Dmax 
values (9 – 17 km) and fault slip onset timings (5, 12, and 19 Ma; Figures 5.5- 5.10) are 
compared to evaluate interpreted faulting and uplift scenarios at Mount Moran determine 
which thermal-kinematic models do not reproduce the observed data.  Ages in the 
observed AHe dataset reported in Brown et al. (2017) range from 26.3 Ma at the top of 
the transect to 4.07 Ma at the base of the transect (Table 4.2, Figure 5.4). When plotted 
on an age-elevation profile, an inflection between the high elevation data and base of 
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transect data occurs. The age-elevation relationship between the higher elevation samples 
(3835 m) and the middle elevation samples (2975 m) yields an exhumation rate of ~0.09 
km Myr-1 and between the lower elevations and the base of transect (2116 m) a slope of 
0.30 km Myr-1. Ages in the observed AFT dataset range from 9.5 Ma at the base of the 
transect to 38.0 Ma at the summit (Brown et al., 2017). When plotted on an age-elevation 
profile, an inflection between the higher and lower elevation data occurs between the 
elevations 0.86 – 1.7 km. The age-elevation relationship between the higher elevations 
yields a slope of ~0.05 km Myr-1 and for the lower elevations a slope of 0.14 km Myr-1. 
AFT from this dataset are consistent with the AHe for the lower elevation samples but 
diverge for the higher elevation samples.  
Age-elevation relationships in the predicted AHe data vs. observed AHe data 
In models with a fault slip onset of 5 Ma and the lowest Dmax value of 11 km, the 
predicted He data yields an exhumation rate of ~0.10 km Myr-1 from 40 - 26 Ma. 
Although these exhumation rates match some rates derived from the observed data, 
extrapolation of this trend predicts an AHe age that is >20 Ma at the base of the transect, 
which is far older than the 8 - 12 Ma observed ages. Also, because these ages are older 
than the onset of faulting, this indicates that these points were above and cooler than the 
AHe Tc prior to fault onset, demonstrating that the footwall section had not experienced a 
threshold level of uplift to exhume reset ages. With increasing Dmax (13 km) and the same 
fault onset timing of 5 Ma, the lower elevation AHe ages of ~6 Ma are similar to the 
range of observed ages at the lower elevations (4 - 10 Ma), though the higher elevation 
samples in this model are much older than those from Mount Moran. However, these 
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older ages produce an age-elevation slope that is parallel to the higher elevation observed 
samples, suggesting this modeled exhumation rate of 0.08 km Myr-1 is similar to the 
exhumation rate preserved in the higher elevation Moran samples. In the 5 Ma onset 
model with 15 km, that relatively slow exhumation trend overlaps with the high elevation 
observed data, but linear extrapolation predicts an age of 0 Ma at low elevations, 
suggesting that an increase in the more recent rates is needed to match the data. Finally, 
the 17 km Dmax model with a 5 Ma onset yields low elevation ages (3 - 7 Ma) that are 
similar to those in the observed data, but the high elevation samples are much younger 
than the observed high elevation samples, likely as a result of the higher exhumation rates 
throughout the model evolution. Additionally, the transition from a linear age-elevation 
relationship to a logarithmic relationship with late stage accelerated cooling recorded in 
the lower elevation samples may reflect the surface-directed heat advection producing 
compressed isotherms in the uplifting footwall, as this model includes the highest late 
stage exhumation rates (0.36 km Myr-1) of any modeled scenario examined here. 
Although the ages do not match, this model highlights the likelihood that the observed 
data record an acceleration in cooling (and presumably uplift) at some point before 5 Ma. 
Next, a fault slip onset of 12 Ma is evaluated for Dmax values of 11 km – 17 km. 
At the lowest Dmax value of 11 km, the predicted AHe data show an exhumation rate of 
~0.10 km Myr-1 from 47 - 32 Ma, similar to the gradient of the observed high elevation 
data at Mount Moran. However, extrapolating the trend of the model ages yields a base of 
transect value of ~25 Ma, far older than the observed age of the low elevation samples. 
Also, the model ages are all older than ~32 Ma which indicates that a Dmax of 11 km is 
not sufficient to exhume reset samples that were hotter than the AHe Tc at the onset of 
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faulting. For a modeled Dmax of 13 km, the exhumation rate is ~0.07 km Myr-1and the 
predicted gradient is roughly similar to rates observed in the high elevation samples, but 
the trend does not overlap the lower observed AHe ages. This indicates for a Dmax of 13 
km either an earlier fault slip onset time or a faster slip rate is necessary to match the 
observed ages. A low elevation age (~11 Ma) and linearly extrapolated base of transect 
age (~10 Ma) are close to the range of low elevation samples (4 – 10 Ma) but there are 
insufficient data points and greater Dmax is needed to further define the trend. In the 12 
Ma onset model with 15 km for Dmax, the higher elevation data reflects a gradient with 
exhumation rate of ~0.07 km Myr-1, almost parallel to the previous model (Dmax 13 km) 
for the higher elevation samples. In this scenario, the trend does not overlap the high 
elevation ages. The range of low elevation ages (10 – 11 Ma) are near the observed data, 
however extrapolating a linear trend yields a base transect age of ~ 5 Ma, younger than 
observed. Finally, the 17 km Dmax model yields a linear exhumation rate of ~0.06 km 
Myr-1 in the higher elevations accelerating to high modeled rates for the low elevation 
ages (~0.25 km Myr-1). The predicted exhumations rates are comparable the rates derived 
from the observed data. In the 17 km Dmax model with a 12 Ma onset model, the 
exhumation rates and low elevation data provide a better fit to the data, yet the high 
elevation samples are still too young. The high elevation samples do not match the 
observed data for Dmax of 15 km and 17 km, which indicates that the exhumation rates 
may be too high. These models show that in order to match the observed low elevation 
exhumation rate either/or an acceleration in cooling rate occurs ~12 Ma or that time is 
when the Teton fault actually starts moving. In both scenarios, Dmax must be equal to or 
greater than 15 km.  
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In models with a fault slip onset of 19 Ma and the lowest Dmax values of 9 km and 
11 km, the predicted He data yields an exhumation rate of ~0.10 km Myr-1 from 47 – 35 
Ma that is similar to the observed rate from 22.5 – 11 Ma. When the modeled trend 
between ages for both Dmax are linearly extrapolated, AHe ages at the transect base are    
>30 Ma and thus, older than the onset of faulting. Therefore, these models do not
generate nearly enough uplift to produce reset ages necessary to match the observed low 
elevation AHe data. Similarly, increasing Dmax values (13 km and 14 km) yields 
exhumation rates of ~0.08 km Myr-1 from 47 – 16.5 Ma, but it also produces modeled 
AHe ages (~16.5 Ma) that are too old for the observed low elevation data (4 – 10 Ma). 
For Dmax values of 15 km, the predicted ages show a parallel slope to the lower Dmax 
values (13 – 14 km) and yield higher elevation samples that are older than those from 
Mount Moran, however, 15 km of displacement in this model is adequate to yield an 
extrapolated base of transect age of ~8.5 Ma, which is within the range of low elevation 
sample ages (4 – 10 Ma). Moving to a higher Dmax values of 16 km, the predicted He data 
yields an exhumation rate of ~0.08 km Myr-1 from 45 – 17 Ma, which is similar to the 
exhumation rate preserved in the higher elevation samples. By projecting the linear trend 
of this exhumation rate, an age of ~8.3 Ma would represent the base of the transect, 
matching the observed data. However, the higher elevation ages for this model do not 
correspond to the observed data. For Dmax values of 17 km, a higher elevation trend of 
~0.07 km Myr-1, turns to a logarithmic trend for low elevation samples (~0.2 km Myr-1) 
and extrapolating this trend yields age of ~11.5 Ma for the transect base. This model 
yields similar exhumation rates as compared to the observed for both the mid and low 
elevations.  
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In summary, comparisons of the age-elevation relationships for the thermal-model 
predicted AHe data the observed AHe data at Mount Moran (Brown et al., 2017) indicate 
two preferred solutions, 12 Ma onset with Dmax of 15 km and 12 Ma onset with Dmax of 
17 km. The modeled solutions do not fully replicate the observed AHe data, but do 
provide constraints for Dmax, fault slip onset timing, and ages of rapid cooling. 
Interpretations of the modeled data for 5 Ma indicate that in order to match the observed 
data, an acceleration of cooling must occur prior to ~5 Ma. Predicted exhumation rates 
and correlation of modeled ages with the observed lower elevation AHe data are better 
matched in models with fault slip onset at 12 Ma for Dmax of 15 or 17 km, suggesting ~12 
Ma represents the onset of rapid fault slip movement along the Teton fault. For Dmax or 
17 km with fault slip onset of 12 Ma, the predicted AHe data produces a shift from a 
slower linear slope in the higher elevation data to a logarithm trend for the lower 
elevation ages. The trend of the observed AHe data also shows a potential inflection 
between average ages 11 – 22 Ma. However, pinpointing the exact age of rapid cooling in 
either dataset (predicted or observed) requires additional data resolution. Comparisons of 
the predicted and observed data are interpreted to suggest onset of rapid cooling ~ 12 Ma.  
Comparing observed and model-predicted AFT cooling ages 
For fault slip onset of 5 Ma, the modeled AFT data for Dmax (11 km and 13 km) 
show greater sensitivity for the younger onset time as compare to 12 and 19 Ma, but do 
not predict the young (9.5 – 13.6 Ma) lower elevation ages necessary to better constrain 
Dmax. The predicted slope for Dmax values of 15 km and 17 km are ~0.4 km Myr-1, but 
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do not have enough exhumation to yield reset AFT ages. The high elevation sample for 
the 5 Ma onset model with 17 km for Dmax, is ~38 Ma and is close to the observed age.  
The predicted AFT ages for fault slip onset at 12 Ma yield age-elevation gradients 
show only a minor amount of age variation in response to increasing displacement. 12 
Ma models for Dmax of 9 – 17 km yield a range slopes of 0.50 – 0.31 km Myr-1. For the 
greatest Dmax value 17 km, the exhumation rate (0.31 km Myr-1) is similar to the observed 
lower elevation data. However, because the threshold displacement necessary to achieve 
younger ages is still not met, the predicted ages are much older than observed.  
For models with Dmax values 9 – 17 km with fault slip onset at 19 Ma, modeled 
ages yield exhumation rates ranging from 0.55 – 0.35 km Myr-1. With increasing 
displacement, the trends become more similar to the observed gradient between the mid- 
and low elevation AFT data. A linear extrapolation of the gradient for 19 Ma with Dmax of 
17 km, yields a base sample age of ~39 Ma. Decreasing displacement magnitudes     
(Dmax = 16 – 13km, 11 km, and 9 km) for the same fault slip onset produce low elevation 
ages >39 Ma, and these ages are much older than the low elevation AFT samples from 
Mount Moran (11.7 Ma). This is interpreted to be the result of insufficient footwall uplift 
and thus, a need for greater Dmax values and/or more erosion to exhume younger AFT 
sample ages. Because all predicted AFT ages are older than the onset of faulting, this 
indicates that these points were above and cooler than the AFT Tc prior to fault onset, 
suggesting that the footwall section had not experienced a threshold level of uplift to 
exhume reset ages. Future work will address the details of the erosion profiles (Figure 
5.4) which influences the ability of the thermal model to reproduce the observed AFT 
ages even with increasing Dmax and greater exhumation rates.  
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Previous estimates for Dmax in the context of new data 
Disagreements regarding the timing of initiation (13 – 2 Ma) and total 
displacement (2.1 – 11 km) on the Teton fault persist despite a myriad of studies 
implementing low-T thermochronology, geophysical and stratigraphic techniques to 
resolve these discrepancies. A single low-temperature thermochronology study by 
Roberts and Burbank (1993) was conducted prior to the observed dataset by Brown et al. 
(2017) but does not utilize the “zeta” method of calibrating fission-track data and 
consequently is not suitable for comparison. However, two key findings from this study 
are supported by the AHe and AFT dataset in Brown et al. (2017) which indicate that 
Mount Moran records the greatest displacement along the range and is the location of 
earliest onset of fault motion with southward migration of cooling onset age. Brown et al. 
(2017) interpret the onset of rapid cooling in the northern Tetons at ~13 Ma at the Mount 
Moran transect. This is consistent with studies based on the structural relationships 
between the Miocene Colter and Teewinot formations and the Conant Creek Tuff to the 
east of Jackson Hole suggest that displacement on the Teton fault initiated after 13 Ma 
and possibly as recently as 2 Ma (Barnosky, 1984; Love et al., 1992; and Smith et al., 
1993), with rapid uplift occurring between 13 – 9.4 Ma (Love and Reed, 1971).  
Many stratigraphic arguments for displacement and exhumation rates on the 
Teton have been made the basis of offset between prominent stratigraphic horizons or 
projections of tilting tuffs such as the basement rock (Precambrian), Colter and Teewinot 
Formations (Miocene), and the Huckleberry Ridge Tuff (~2 Ma). Estimates involving the 
vertical displacement (1.5 km) of the Huckleberry Ridge Tuff (~2 Ma) yield an average 
offset rate of 0.8 km Myr -1 in the past ~2 m.y. (Love, 1977). Byrd et al. (1994) indicates 
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that that the tuff has been offset by 2.5 – 3.5 km, while Gilbert et al. (1983), Smith et al. 
(1993), and Pierce and Morgan (1992) suggested displacement of 2.1 – 3.0 km since ~2 
Ma using projections of the post emplacement tilt of the Huckleberry Ridge Tuff from 
exposure at Signal Mountain to the west beneath Jackson Hole. The range of exhumation 
rates derived from post-Huckleberry Ridge Tuff offsets and projections of tilt are 
reported that span 1.05 – 1.75 km Myr-1. In any case, an acceleration of slip (~1 – 1.75 
km Myr-1) from ~ 2 Ma into the present is well defined and contributes 2 - 3 km to the 
predicted total displacement of 15 – 17 km from this study (Figure 5.11). Furthermore, in 
a geophysical study by Behrendt et al., (1968), a prominent reflector in the seismic 
refraction data is located ~5 km beneath Jackson Hole which is then correlated to the 
basement rock in the peaks of the Teton Range (~2 km) above valley bottom. From this, a 
total of 7 km of basement offset is interpreted during the past ~9 my (Love et al., 1973) 
for an exhumation rate of ~0.8 km Myr-1 (Figure 5.11). 
Evidence for Quaternary slip activity is reported in offset Holocene moraine 
deposits showing surface offsets of 3 – 50 m that delineate sections along the Teton fault 
(Gilbert et al., 1983; Susong et al., 1987, Smith et al., 1989, 1993). Additionally, 
trenching studies by Byrd (1995) and Byrd et al. (1994) indicate two rupture events (1.3 
and 2.8 m event-1) for a total of 4.1 meters of slip have occurred since 7.9 thousand 
calibrated radiocarbon years (cal ka) for an average offset rate of ~2 km myr -1 from 
deglaciation (17 – 13 ka) to 7.9 ka. Furthermore, recent work by Pierce et al., (2018) 
reports ~12 m scarps cutting glacial moraines (~14 ka), for an average slip of ~0.82 m ka-
1 (Thackray and Staley, 2017) and DuRoss et al., (2020) suggests a postglacial to mid 
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Holocene (14.4 – 4.6 ka) rate of slip averaging ~1.1 km Myr-1. This evidence combined 
with estimates for slip rates from ~2 Ma to the present support continuing displacement. 
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Figure 5.1 – Measured surface heat flow (Qo) in the Snake River Plain and the Teton-
Yellowstone Region. Figure from Thigpen et al., (in prep).  
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Figure 5.2 – Modeled geothermal gradients produced for a range of parameters for basal mantle heat flow (Qm; W m-2) and 
internal heat generation values to produce a range of surface heat flows (Qo, W m-2) which can be compared to the measured 
Qo from Figure 5.1. Figure from Thigpen et al., (in prep).  
85 
Figure 5.3 – (a) Conceptual figure illustrating potentiation age-elevation trends of AHe or AFT ages during tectonic exhumation, 
(b) in the case of steady exhumation, (c) for greater slip rate the resulting profile will be steeper, (d ) changing slip rates result in
inflection points, and (e) profiles translate along the x-axis depending on fault slip onset time for the same Dmax.
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Figure 5.4 – Google Earth image of the relative sample locations from Brown et al. (2017) subvertical transect at Mount Moran. 
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Figure 5.5 – Age-elevation plots for predicted apatite (U-Th)/He (AHe), where fault slip  onset  begins  at  5  Ma.  Modeled  
cooling ages are calculated using the Pecube code (Braun, 2003). Observed cooling ages result from samples collected up 
the range front along a sub-vertical transect of Mount Moran (Brown et al., 2017). This dataset is adjusted to a base level 
elevation of 0 meters in order to be directly compared with modeled cooling ages. 
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Figure 5.6 – Age-elevation plots for predicted apatite (U-Th)/He (AHe), where fault slip onset begins at 12 Ma. Modeled 
cooling ages are calculated using the Pecube code (Braun, 2003). Observed cooling ages result from samples collected up the 
range front along a sub-vertical transect of Mount Moran (Brown et al., 2017). This dataset is adjusted to a base level 
elevation of 0 meters in order to be directly compared with modeled cooling ages. 
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                                           Figure 5.7 – Age-elevation plots for predicted apatite (U-Th)/He (AHe), where fault slip onset begins at 19 Ma. Modeled cooling 
ages are calculated using the Pecube code (Braun, 2003). Observed cooling ages result from samples collected up the range front 
along a sub-vertical transect of Mount Moran (Brown et al., 2017). This dataset is adjusted to a base level elevation of 0 meters in 
order to be directly compared with modeled cooling ages. 
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Figure 5.8 – Age-elevation plots for predicted AFT data, where fault slip onset begins at 5 Ma. Modeled cooling ages are 
calculated using the Pecube code (Braun, 2003). Observed cooling ages result from samples collected up the range front along 
a sub-vertical transect of Mount Moran (Brown et al., 2017). This dataset is adjusted to a base level elevation of 0 meters in order 
to be directly compared with modeled cooling ages. 
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         Figure 5.9 – Age-elevation plots for predicted AFT data, where fault slip onset begins at 12 Ma. Modeled cooling ages are 
calculated using the Pecube code (Braun, 2003). Observed cooling ages result from samples collected up the range front along a 
sub-vertical transect of Mount Moran (Brown et al., 2017). This dataset is adjusted to a base level elevation of 0 meters in order 
to be directly compared with modeled cooling ages. 
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Figure 5.10 – Age-elevation plots for predicted AFT data, where fault slip onset begins at 19 Ma. Modeled cooling ages are 
calculated using the Pecube code (Braun, 2003). Observed cooling ages result from samples collected up the range front along a 
sub-vertical transect of Mount Moran (Brown et al., 2017). This dataset is adjusted to a base level elevation of 0 meters in order 
to be directly compared with modeled cooling ages. 
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Figure 5.11 –   Interpreted cross section through Mount Moran and the Jackson Lake basin. The cross section illustrates the 
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CHAPTER 6. CONCLUSIONS 
This study presents coupled flexural-kinematic (Move) and thermal-kinematic 
(Pecube) models that test the viability of a range of previous Dmax estimates for the 
Teton fault by examining cross section geometry and predicted thermochronologic data. 
Results from detailed flexural-kinematic modeling indicate that Dmax on the Teton Fault 
must be > 9 km in order to match the observed topographic profile and flexural 
wavelength constraints. Comparisons between the predicted AHe ages of the thermal-
kinematic model with the observed data at Mount Moran indicate a preferred fault slip 
onset at ~12 Ma onset with Dmax ranging from 15 km to 17 km. The model derived AHe 
predictions do not fully replicate the observed AHe data but do provide constraints for 
Dmax and the onset of rapid cooling. Previous estimates for Dmax of 2 – 3 km based solely 
on displacement of the Huckleberry Ridge tuff from ~2 Ma – present are likely gross 
underestimates of actual Dmax, but these slip magnitudes from ~2 Ma to present are 
consistent with models from this study, however models from this study indicate that 
much more slip had accumulated prior to the Quaternary than previously estimated. 
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APPENDIX 
THERMAL-KINEMATIC (PECUBE) MODELS 1 - 12 
96 
Thermal-kinematic model 1 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 9 km. 
97 
Thermal-kinematic model 1 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 11 km. 
98 
             Thermal-kinematic model 1 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 13 km. 
99 
Thermal-kinematic model 2 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 9 km. 
100 
Thermal-kinematic model 2 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 11 km. 
101 
Thermal-kinematic model 2 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 13 km. 
102 
Thermal-kinematic model 3 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 9 km. 
103 
             Thermal-kinematic model 3 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 11 km. 
104 
Thermal-kinematic model 3 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 13 km. 
105 
Thermal-kinematic model 4 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 9 km. 
106 
Thermal-kinematic model 4 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 11 km. 
107 
Thermal-kinematic model 4 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 13 km. 
108 
Thermal-kinematic model 5 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 9 km. 
109 
Thermal-kinematic model 5 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 11 km. 
110 
Thermal-kinematic model 5 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 13 km. 
111 
Thermal-kinematic model 6 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 9 km. 
112 
Thermal-kinematic model 6 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 11 km. 
113 
Thermal-kinematic model 6 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 13 km. 
114 
             Thermal-kinematic model 7 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 9 km. 
115 
Thermal-kinematic model 7 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 11 km. 
116 
             Thermal-kinematic model 7 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 13 km. 
117 
Thermal-kinematic model 8 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 9 km. 
118 
Thermal-kinematic model 8 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 11 km. 
119 
Thermal-kinematic model 8 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax = 13 km. 
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Thermal-kinematic model 9 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax =9 km. 
 
121 
Thermal-kinematic model 9 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax =11 km. 
122 
             Thermal-kinematic model 9 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax =13 km. 
123 
Thermal-kinematic model 10 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax =9 km. 
124 
Thermal-kinematic model 10 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax =11 km. 
125 
Thermal-kinematic model 10 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax =13 km. 
126 
Thermal-kinematic model 11 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax =9 km. 
127 
             Thermal-kinematic model 11 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax =11 km. 
128 
Thermal-kinematic model 11 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax =13 km. 
129 
             Thermal-kinematic model 11 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax =14 km. 
130 
Thermal-kinematic model 11 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax =15 km. 
131 
             Thermal-kinematic model 11 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax =16 km. 
132 
Thermal-kinematic model 11 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax =17 km. 
133 
Thermal-kinematic model 12 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax =9 km. 
134 
Thermal-kinematic model 12 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax =11 km. 
135 
Thermal-kinematic model 12 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax =13 km. 
136 
Thermal-kinematic model 12 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax =14 km. 
137 
Thermal-kinematic model 12 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax =15 km. 
138 
Thermal-kinematic model 12 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax =16 km. 
139 
Thermal-kinematic model 12 evaluated in Pecube for a constant slip rate with fault slip onset at 19 Ma for Dmax =17 km. 
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